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(54) Radioactive chitosan complex and the use thereof for radiation therapy 



(57) The present invention relates to the radioactive 
chitosan complex formed by labelling a chitosan, a bio- 
compatible and biodegradable natural polymer, with ra- 
dionuclide, a radioactive chitosan macroaggregate 
formed by making chitosan complex into particles, and 
a kit for preparing radioactive chitosan complex, proc- 



ess for preparation thereof and the use thereof for an 
internal radiation therapeutic agent. The radioactive chi- 
tosan complex and its macroaggregate can be used as 
an internal radiation therapy for rheumatoid arthritis or 
cystic cancer such as liver cancer, brain cancer, breast 
cancer, ovary cancer and the like by administering them 
directly to the lesion. 
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Description 

A Radioactive Chitosan Complex, its Macroaggregate and a Kit for Preparing Radioactive Chitosan Complex, 
Process for Preparation thereof, and the Use thereof for Radiation Therapy. 

5 

Field of the Invention 

The present invention relates to a radioactive chitosan complex, its macroaggregate and a kit for preparing radi- 
oactive chitosan complex, process for preparation thereof, and the use thereof for radiation therapy. 
10 In particular, the present invention relates to a radioactive chitosan complex formed by labelling chitosan with 

radionuclides, and radioactive chitosan macroaggregate formed by making chitosan complex into particles, and a kit 
for preparing radioactive chitosan complex. 

The present invention relates to the process for preparation of radioactive chitosan complex by reacting radionu- 
clide solution with chitosan solution, and the process for preparation of radioactive chitosan macroaggregate by adding 
is alkaline solution to radioactive chitosan complex. 

In addition, the present invention relates to the use of radioactive chitosan complex and its macroaggregate for 
internal radiation therapy that lesions are treated with radiation emitted from the radioactive materials administered 
directly to lesions. 

20 Background of Art 

There are two kinds of radiation therapy, one is an external radiation therapy that lesions are treated with radiation 
irradiated from the outside of the body, and the other is an internal radiation therapy that lesions are treated with 
radiation irradiated from the administered radioactive materials in the body. 
25 Hitherto the external radiation therapy has been widely used, but it causes the problem that normal tissue or organs 

are irradiated and damaged, since strong radiation should be used in order to reach the lesion. 

Therefore, the internal radiation therapy that only the lesion where the radioactive materials are directly adminis- 
tered is irradiated has been developed. 

In the internal therapy, since the radiation are emitted in the lesion, the radioactive materials of weak potency can 
30 be used, and hence only lesions are irradiated and other organs can be protected from irradiation. 

Recently the internal radiation therapy has been widely applied on account of its excellent effect. 
The representative diseases treated by the internal radiation therapy are cancers and rheumatoid arthritis. 
The method of treatment for cancers. or rheumatoid arthritis can be largely classified to a medicinal treatment, a 
surgical treatment and a radiation treatment. But the medicinal and radiation treatment have been widely prevailed. 
35 As known from the report that only 5% of the liver cancers can be treated by the surgical treatment, a surgical treatment 
has not often been utilized. 

In case that the anti-cancer drugs are administered orally or intravenously, it is needed that the large quantity of 
the drugs should be administered, since the medicine is spread to the whole body through a blood flow and only a little 
amount is accumulated in lesion, and resultantly adverse effect is raised. 
40 Recently radiation therapy, especially the internal radiation therapy for cancers and arthritis, has been widely uti- 

lized. 

For instance, hepatic artery method based on the fact that hepatoma cells take nutrition through hepatic artery 
and normal hepatic cells through hepatic vein is that radioactive materials labelled radionuclide is directly injected into 
hepatic artery instead of intravenous injection to block hepatoma cell's taking the nutrition and to accumulate more 
45 radioactive materials in hepatoma cells. 

The internal radiation therapy has been also used for rheumatoid arthritis as well as cystic cancers such as hepato- 
ma, brain tumor, breast tumor, ovary tumor and the like. 

In a treatment of rheumatoid arthritis, a surgical synovectomy or radiation synovectomy may be applied. The ra- 
diation synovectomy is a plausible technique of replacing surgical synovectomy, and it is a method capable of easy 
50 removal of inflamed region of synovium by beta-radiation through the direct injection with radioactive materials labelled 
with (J-emitting radionuclide. The radiation synovectomy has merits of a simple operation and no post-operative com- 
plication. 

In a treatment of cancers or arthritis by radiation emitted from radioactive materials in the lesions, the administered 
radioactive materials to the lesion should be retained only in the lesion and not leaked from the lesion. 
55 if the administered radioactive materials into the lesion is leaked out of the lesion, the radioactive materials will be 

spread to the whole body through the blood flow, and to be accumulated in other tissues especially bone marrows, 
and that results in fatal damage. 

In the internal radiation therapy, the administered radioactive materials should be retained in the lesion, and for 
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this purpose, radionuclides are used in combination with carriers. 

A carrier will be ideal in the proviso that carrier has a high affinity with radionuclides in wVoand in vitro, that it can 
be evenly distributed in the lesion, that it can be absorbed without inflammation in the lesion, that its half-life time is 
longer than that of radionuclide, and that it can be decomposed and excreted after decay of radionuclide. 
5 In order to develop an ideal radioactive materials, there were some techniques proposed. 

First, there was a report related to the sustained-releasing radioactive materials obtained by suspending 131 ! in 
high viscous lipiodol. 

But 131 1 suspended in lipiodol has not been used widely on the ground that the damage to other organs or tissues 
by relatively high energy y-rays emitted along with p-rays can be caused and the 131 1 in lipiodol infused into hepatic 
10 artery may be accumulated especially in lungs in large quantity. 

Then, colloidal Y-90(Yttrium 90) or Au-198(Gold 198) has been developed. 

In this case, there is a problem that normal tissue can be damaged, because radioactive materials leak out of the 
lesion, as particle size is too small to be retained in the lesion. In addition, they emitted high energy yrays of relatively 
long half-life time [Fellinger et al., Weinz Inn. Med., 33, 351 (1952)]. 
15 It has been reported that resin [Turner et al., Nucl. Med. Comm., 15, 545(1994)], ceramic, and glass beads can 

be used as a carrier [Andrews et al., J. Nucl. Med., 35, 1637(1994)]. 

Since they are non-degradable, they do not leak, but there remains a problem that they are not excreted from the 
body after decay of radionuclide. 

165 Dy-FHMA( 165 Dysprosium Ferric Hydroxide Macroaggregates), 165 Dysprosium particles contained in Ferric Hy- 
20 droxide Macroaggregates, has been developed [Harling et al., Nucl. Sci. and Eng., 110, 344(1992)]. But there is a 
problem that the procedures for preparation are complicated and the iron can be accumulated in the body. 

Recently 165 Dy-HMA(Dysprosium Hydroxide Macroaggregate), 165 Dysprosium particles not containing iron, has 
been developed [McLaren et al., Eur. J. Nucl. Med., 16, 627(1990)]. 

But there is a limit in using 165 Dy-HMA, since 165 Dy-HMA is produced by irradiating stable 164 Dy with neutron in 
25 the nuclear reactor. That is, its half-life time is too short for hospitals far from nuclear reactor to use it. 

Particles containing 153 Sm, 165 Dy, 166 Ho, in silicate bead with alkaline metals has been developed [USP 
501 1797]. 166 Ho microsphere particles produced by irradiating with neutron in the nuclear reactor after obtaining 165 Ho 
microspheric particles in size of 1-15|im from the mixture of poly-L-lactic acid, polyvinyl alcohol, acetyl lactone and 
chloroform [J. Nucl. Med., 33, 398 (1992)]. But there is a problem that polymer can be decomposed during neutron- 
30 irradiation in the nuclear reactor and the procedure of preparation are complicated. 

In addition, biodegradable and biocompatible particles of 153 Sm-Hydroxyapatite have been developed. 

But there is a problem that they can not be evenly distributed in the lesion and can be remained in the injector 
when administering to the patient, because they are in the state of particles, not in the state of solution. 

As known from the above-mentioned cases, radioactive materials administered to the lesion for internal radiation 
35 therapy should not leak from the lesion. 

To minimize the leakage of administered radioactive materials from the lesion, first the colloidal materials such 
as 198 Au, and then macroaggregate have been developed ; the solution has never been used. 

But in the view of even distribution in the lesion, the distribution is in the order of solution > colloid > particle, and 
solution is the most excellent. 

40 in other words, in case of using particles, the particles can not be evenly distributed ; and so the therapeutic effect 

is not good ; if more particles are distributed in some part, there will be over irradiated and if less particles are distributed 
in other part, the amount of irradiation will be below the effective dose. 

As the required amount of irradiation is different according to diseases, the size of particles should be controlled 
in order to satisfy the required amount. 
<5 For instance, the optimum size for treating a hepatoma is 1 5-40u/n and for rheumatoid arthritis is 1 -5um But it is 

difficult to produce particles in optimum sizes, since a complicated procedure can not be applied on account of a 
problem that workers may be irradiated. 

And there may remain particles, after injecting particles to patients. 

Even though we can see many problems in using particles as shown above, particles have been used and solution 
50 has never been used, because it is the most important point in internal radiation therapy that the administered radio- 
active materials should not leak from the lesion. 

As a result of the extensive study, the inventors of the present invention solved the particle's problem and the 
solution's problem by inventing radioactive chitosan complex. 

55 Summary of Invention 

Radioactive chitosan complex is a new internal radiation therapeutic agent ; it exists in solution state in acidic pH 
and it exists in gel state in pH of the human body. 
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That is, it exists in solution state in acid to compensate particle's problem, and after administering to the lesion, it 
exists in gel state and it does not leak from the lesion. 

And radioactive chitosan complex is a natural biocompatible and biodegradable product which can be excreted 
after decay. 

s in addition, it is evident that radioactive chitosan complex of the present invention can be used in the particle form 

as used hitherto. 

In addition, the radioactive chitosan complex of the present invention can be used in a kit, wherein the radionuclide 
solution and lyophilized chitosan which are prepared in advance, respectively, are mixed before administering to the 
patient. 

10 The object of the present invention is to provide a new radioactive chitosan complex, radioactive chitosan complex 

macroaggregate and a kit for preparing radioactive chitosan complex, process for preparation thereof and the use 
thereof for internal radiation therapy. 

Detailed Description of Invention 

75 

The present invention will be explained in detail in the following. 
I. Radioactive Chitosan Complex 

20 Radioactive materials for internal radiation therapy should be retained in the lesion, and excreted after decay. 

For this purpose, radionuclides are used in combination with carriers. In this case, the affinity of radionuclide with 
carrier and sizes thereof are important. 

In the present invention, chitosan which has an excellent biocompatibility and biodegradability is used as a carrier 
of radionuclide. 

25 Chitosan can be easily obtained by hydrolysis of chitin, polysaccharide of N-acetyl glucosamine in P(1 -4) bonding, 

abundant in shells of lobster, crabs, shrimp and oysters or the like. 

Chitosan, a polymer of 2-deoxy-2-amino-D-glucose obtained by deacetylating of acetamide of chitin, forms chelate 
with heavy metals, and so it is reported that chitosan can be used as an agent of removing heavy metals (USP 
5,336,415) and an agent of sustained-releasing drug. 
30 Such characteristics are attributed to free amines of chitosan, which form chelate with metallic cation and the 

binding affinity of chitosan is higher than that of chitin. 

Chitosan known as an edible non-toxic product can be used as a biodegradable suture silk, since it is biodegrad- 
able, and it can be used as artificial renal membrane and protective membrane for burned skin, since it has an anti- 
ulcer activity and antitumor activity [Kubota et al., Chem. Soc. Jpn., 66, 1807 (1993)]. 
35 The most important characteristic of chitosan is that chitosan exists in solution in acidic pH and changes into gel 

and into particles in higher pH. 

In the present invention, radioactive chitosan complex solution and radioactive chitosan complex macroaggregate 
have been developed by utilizing the above-mentioned characteristics. 

The molecular weight of chitosan which can be used in the present invention is 100,000-1 ,000,000. 
40 The preferable molecular weight of chitosan is 200,000-800,000. 

The most preferable molecular weight of chitosan is 300,000-500,000. 

The molecular weight of chitosan can be changed in the range of thousands to millions according to the ratio of 
2-deoxy-2-amino glucose unit and 2-deoxy-2-acetamido glucose unit obtained by hydrolysis of chitin. 

The higher molecular weight is, the higher viscosity is. 
45 Chitosan which can be used in the present invention contains the derivatives of chitosan, such as S<ierivatives 

and P-derivatives. 

The radionuclide which can be used in the present invention can contain any radionuclide which can be used for 
treatment of the human diseases including p-ray emitter. Radionuclide in the present invention can contain p-ray emitter, 
y-ray emitter, or a radionuclide which can emit p-ray along with y-ray. 
50 The preferable radionuclide is a p-ray emitter, such as 198 Au, 90 Y, 186 Re, 32 P, 169 Er, 166 Ho, 153 Sm, 165 Dy which 

can be chosen according to the purpose of treatment. 198 Au, emits also high energy y-rays along with P-rays, and has 
a relatively long half-life time of 2-7 days. 32 P and emit p-rays, not y-rays and have a relatively long half-life time. 

165 Dy, 166 Ho, 153 Sm and 169 Er emit low energy y-rays along with high energy p-rays, and have a moderate half- 
life time. 

55 Of these p-emitters, Lanthane radionuclides such as 165 Dy, 166 Ho, 153 Sm and 169 Er are the most suitable for in- 

ternal radiation therapy, since they emit high energy p-rays along with low energy y-rays by which radionuclide admin- 
istered into the body can be easily detected. 
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II. Preparation of Radioactive Chitosan Complex 

In the present invention, radioactive chitosan complex, the new internal radiation therapeutic agent, can be pre- 
pared by labelling chitosan with radionuclides. 
5 The preparation of radioactive chitosan complex will be explained in detail in the followings. 

Radioactive chitosan complex can be prepared by adding radionuclide solution to chitosan solution. 
Chitosan solution can be easily prepared by solving it in acidic solution, since chitosan is soluble in acidic envi- 
ronment and insoluble in alkaline environment. 

The preferable acid which can be chosen from acids well known to those skilled in the art including carboxylic acid, 
10 such as acetic acid or formic acid. 

Since radionuclide which can be used in the present invention should be soluble in water, soluble radionuclide 
nitrate or chloride such as 165 Dy(N0 3 ) 3 , 166 Ho(N0 3 ) 3 165 DyCI 3 or i 6 6HoCI 3 can be used. 

As shown in the above, radionuclide solution may be made by dissolving the radionuclide which may be prepared 
by irradiating oxide or nitrate of stable nuclide such as 164 Dy and 165 Ho with neutron in the nuclear reactor. HCi was 
15 added to the radioactive oxide to convert into the radioactive chloride and then the resultant radioactive chloride can 
be dissolved in water. 

The radioactive chitosan solution can be prepared by admixing said radionuclide solution and chitosan solution 
made by dissolving chitosan in acid. 

In comparison with the known method in which macroaggregates should be made from the radioactive isotope, 
20 such a new method has advantage that workers can be protected from irradiation and the decomposition of carriers 
by neutron irradiation can be prevented. 

In the following, the factors affecting on the preparation for chitosan complex, such as pH of reaction mixture, time 
of reaction, concentration of chitosan, concentration of radionuclides, and viscosity of chitosan, will be explained. 

In experiments, 166 Ho was used as radionuclide and Instant Thin Layer Chromatography (ITLC) was conducted 
25 with Silicic Acid (ITLC-SA). When developing solution is MeOH : H a O : acetic acid (49 : 49: 2), Rf value for Holmium 
is 0.8~1 .0, and Rf value for Ho-chitosan complex is 0.2-0.4. 

Experiment 1> pH of Reaction mixture for 16* Ho-chitosan complex formation 

30 This experiment was conducted in order to find optimal pH where chitosan forms chelate with radionuclide 

Chitosan solution was made by dissolving 30mg of chitosan in 4ml of 1% acetic acid. 0.5N HCI or 0.5N NaOH 
were added to adjust pH of solution of chitosan, pH 1 .47, 2.00, 2.78, 3.53, 4.03, 5.00 and 6.00, respectively. 0.1ml of 
10% 166 Ho(N0 3 ) 3 -5H 2 0 was added to chitosan solution and stirred and maintained for 30 minutes. 

35 Table 1 . 



pH of reaction mixture 


yield of labelling 


1.47 


20 


2.00 


30 


2.78 


95 


3.53 


95 


4.03 


30 


5.00 


20 


I 600 





As known in Table 1 , the labelling yield of radionuclide is dependent on pH of labelling chitosan solution. 
The labelled yield was more than 99% at pH 2.5-3.5, and 20-30% below pH 2.5 or over pH 3.5, where holmium 
almost remained without forming chelate. 

And chitosan solution was changed to gel state above pH 6.0. 

Therefore a preferable pH for forming chelate is 2.0-4.0. More preferable pH is 2.5~3.5. 

< Experiment 2> Reaction time for 1 ^Ho-chitosan complex formation. 

0.1ml(3.74mg) of 10% 166 Ho(N0 3 ) 3 .5H 2 0 was added to solution of chitosan (30mg/4ml) adjusted to pH 3.0 and 
stirred. The samples were taken at 5, 10, 20, 30, 60 minutes, and the yield of labelling was determined. 
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Table 2. 



5 



10 



Reaction time 

1 IvOwUwl 1 III 1 1 W 


yield of labelling (%) 


5 


70 I 


10 


>95 


20 


>95 


30 


>95 


60 


>95 



As known in Fig. 2, the yield of labelling is more than 95% at 10 minutes, which means the chitosan complex 
formation was almost completed after 10 minutes. 

It shows that the formation constant of chitosan-ch elate is very high, and hence chitosan complex will be formed 
by reacting radionuclide solution with chitosan solution for 10 minutes. 



< Experiment 3> Concentration of chitosan for 16'Ho-chitosan complex formation 

Chitosan solutions adjusted to pH 3.0 of various concentrations were prepared, 4mg/4ml, 10mg/4ml, 20mg/4ml, 
25mg/4ml, 30mg/4ml and 35mg/4ml respectively. 

0.1ml of 10% 166 Ho(N0 3 ) 3 -5H 2 0 was added to chitosan solution, stirred and maintained for 30 minutes. 

Table 3. 



-■ 

cone . of chitosan 
(4mg chitosan/4ml HAc) 


yield of labelling (%) 


35 


99 


30 


95 J 


25 


35 


20 


20 


10 


15 


4 


15 



As known in Fig. 3, the yield of labelling is more than 99% when 35mg chitosan is contained in 4ml of 1 % acetic acid. 
The yield of labelling is very low when chitosan less than 25mg is contained. 

Therefore, it is necessary to prepare chitosan solution of the concentration above 0.75% in order to form Ho- 
chitosan complex with 3.74mg of holmium. 



<Experiment 4> The amount of holmium for Ho-chttosan complex formation 

so 

166 Ho(N0 3 )3-5H 2 0 of various concentrations (the amount of contained holmium: 3.74mg, 7.48mg, 11.22mg, 
14.96mg, 22.44mg, 29.92mg) was added to chitosan solution (35mg/4ml), stirred and maintained for 30 minutes. 



Table 4. 


( vol. of 166 Ho(N0 3 ) 3 .5H 2 0 (ml) 


amount of contained 166 Ho (mg) 




0.1 


3.74 


yield of labelling (%) | 
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Table 4. (continued) 



vol. of 166 Ho(N0 3 ) 3 .5H 2 0 (ml) 


amount of contained 166 Ho (mg) 


yield of labelling (%) | 


0.2 


7.48 


99 


0.3 


11.22 


70 


0.4 


14.96 


66 


0.6 


22.44 


45 


0.8 


29.92 


17 



As known in Table 4, the yield of labelling was more than 99% when 7.48mg of holmium was added. When 11 .22mg 
of holmium was added, there were non-reacted holmium in a large amount. The ability of forming radioactive chitosan 
complex was more than 98% when the ratio of chitosan vs holmium was below 3.6 : 1 in chitosan. 

Therefore a preferable ratio of chitosan vs holmium for forming Ho-chitosan complex is 1 -4 : 1 , more preferably 
3-4: 1. 



Experiment 5> Viscosity of chitosan for forming 166 Ho-chitosan complex 



20 



Chitosan solutions adjusted to pH 3.0 of various viscosities were prepared, 4 cps, 50 cps, 100 cps, 150 cps and 
170 cps. O.lml of 10% 166 Ho(N0 3 ) 3 -5H 2 0 was added to chitosan solution, stirred and maintained for 30 minutes. 



Table 5. 



30 



viscosity of chitosan 


yield of labelling (%) 


4 cps 


15 


50 cps 


15 


100 cps 


99 


! 150 cps 


99 


170 cps 


99 



As known in Table 5, when the viscosity of chitosan is lower than 100 cps, holmium almost remained in the nearly 
35 non-labelled state. Preferably viscosity of chitosan is 1 00-200 cps and more preferably 1 30-1 70 cps. 

Since the higher the viscosity is, the larger the molecular weight is, it can be said that formation of complex depends 
on the molecular weight. 



<Experiment 6> The stabilizer for 1 ^Ho-chitosan complex formation 

40 

When 166 Ho(N0 3 ) 3 -5H 2 0 (50mCi) was added to chitosan solution without stabilizer, the solution became diluted 
and more than 70% of contained holmium was separated to be free Holmium. 

When gelatin was used as a stabilizer, the color of solution was changed to yellow and most of holmium was 
separated. 

45 When 40mg of ascorbic acid was used, the complex was stable over 8 hours, (radiochemical purity is above 99%) 

The stability of solution with ascorbic acid was determined in the amount of 10mg, 15mg, 20mg, 25mg, 30mg, 
35mg and 40mg, respectively, and radiochemical purity was more than 99% when 30mg of ascorbic acid was added. 

Gentisic acid, gelatin and ascorbic acid can be used as a stabilizer of chitosan. 

The preferable amount of ascorbic acid is 10-30mg for 166 Ho(N0 3 ) 3 -5H 2 0 (50mCi). 
so The more preferable amount is 15mg. 

The radioactive chitosan complex solution can be prepared by the following steps ; 1) active radionuclide is pre- 
pared by irradiating stable nuclide such as 164 Dy and 165 Ho with neutron in the nuclear reactor 2) radionuclide solution 
is prepared by dissolving radionuclide in water, 3) chitosan solution is prepared and 4) the radionuclide solution and 
chitosan solution are mixed. 

55 If a radioactive chitosan solution is administered into the human body, it will change into the gel form, which does 

not leak from the lesion, and the deposited radioactive chitosan can treat the lesion by irradiating radiation. 
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III. Preparation of a Kit for Preparing Radioactive Chitosan Complex Kit 

Radioactive chitosan complex may be prepared as a kit which comprises radionuclide solution and chitosan so- 
lution. 

5 Chitosan solution and radionuclide solution can be prepared and supplied independently to the patient. They can 

be mixed just before administering to the body, and radioactive chitosan complex will be formed in 10 minutes. 

Chitosan solution can be f reeze-dried and it may contain any conventional additives such as a pH-adjusting agent, 
an isotonizing agent (e.g. sodium chloride) and a preservative (e.g. benzyl alcohol). 
Ascorbic acid can be used as the stabilizer. 
10 The kit for preparing radioactive chitosan complex can be prepared by the following steps : 1 ) chitosan solution is 

prepared and then freeze-dried 2) radionuclide solution is prepared and then 1 ) and 2) are supplied to the patient. 3) 
f reeze-dried chitosan is dissolved in distilled water and radionuclide solution is added. 4) after 10 minutes, it can be 
administered to the human body. 

15 Experiment 7> Stability of a kit for preparing 166 Ho-chitosan complex 

The labelling yield of the radioactive chitosan complex of a kit prepared in accordance with the present invention 
was determined at the interval of one month for a year, and it was above 99%. 

20 IV. Preparation of Radioactive Chitosan Complex Macroaggregate 

Radioactive chitosan complex can be used in the form of macroaggregate as well as in the form of solution. Mac- 
roaggregate forms by diluting chitosan complex solution with distilled water and then by adding alkaline solution. Mac- 
roaggregate are precipitated at pH 9-10. 
25 in this procedure, if chitosan complex solution is alkalized without diluting with distilled water, the solution forms 

the large lump, and hence it is difficult to obtain the fine particles. 

Compound of lanthane series forms hydroxide in alkaline. But since the formation constant of chitosan solution 
with lanthane radionuclides is larger than that of lanthane hydroxide, the chitosan complex is very stable in alkaline 
solution 

30 Therefore when chitosan complex solution is alkalized, macroaggregate forms and they are very stable. The pref- 

erable alkaline is NaOH. 

The preferable size of macroaggregate is 1 -50um. 

The preferable size of radioactive macroaggregates is varied according to diseases, 1~5ujti for rheumatoid arthritis 
and 10~40ujti for liver cancer. 

35 Practical and presently preferred embodiments of the invention are illustratively shown in the following examples. 

However, it will be appreciated that those skilled in the art, on consideration of this disclosure, may make modifi- 
cations and improvements within the spirit and scope of the present invention. 

<Example 1> Preparation of 166 Ho-Chttosan complex 

40 

1) Preparation of i^Ho(N0 3 ) 3 -5H 2 0 solution 

200mg of 165 Ho(N0 3 ) 3 -5H 2 0 was dispensed in the polyethylene tube. It was irradiated with thermal neutron of 1 .0 
x 10 13 n/cm 2 -sec for 10 minutes in the nuclear reactor and then dissolved in 2ml of water. 

45 

2) Preparation of chitosan solution 

300mg of chitosan(molecular weight in about 500,000; Hydrolysis is about 85%) was dissolved in 40ml of 1% 
acetic acid. 

so 166 Ho-Chitosan complex solution was made by adding 0.1ml of said 166 Ho(N0 3 ) 3 -5H 2 0 to said chitosan solution, 

by mixing well and by stirring at room temperature. 

The yield of labelling was determined by ITLC-SA[MeOH(49) : H 2 0(49) : HAc(2)] after 30 minutes. It was over 99% 

<Example 2> Preparation of 153 Sm, 165 Dy, 169 Er-chitosan complex 

55 

153 Sm, 165 Dy, and 169 Er-chitosan complex were prepared as described in Example 1, respectively. 
Radiochemical purity of the mixture was determined and it was above 99% 
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<Example 3> Preparation of a kit for preparing 166 Ho-chitosan complex. 

40mg of chitosan and 30mg of ascorbic acid were dissolved in 4ml of 1% acetic acid. 
The pH of the solution was adjusted to pH3.0 with 0.5N HCI and filtered in sterilized state and freeze<Jried. 
s Freeze-dried chitosan solution is kept at 4°C. 

To use for patient, radioactive chitosan complex is prepared by dissolving; freeze-dried chitosan in distilled water 
and by adding radionuclide solution. 

<Example 4> Preparation of Chitosan complex macroaggregate 

10 

166 Ho-Chitosan complex solution prepared by reacting 3.74mg of 166 Ho and 35mg of chitosan as described in 
Example 1 was diluted with 5 volumes of water. 

Stirring it vigorously, 2N NaOH was dropped to precipitate completely (pH 9-10). 
The resultant suspension was sonicated for 5 minutes. 
is The precipitate was separated from the supernatant by centrifuging at 240 x g for 3 minutes, and the resultant 

chitosan macroaggregates were resuspended in 4ml of saline solution. 

The suspension was dispensed into 10ml vial, sealed and sterilized in autoclave, at 121°C for 30 minutes. 
The particles of macroaggregates was evenly diffused by retreating in sonication washer. 
The sizes of particles were determined, and the average size was about 25um. 
20 In-vitro stability and in-vivo stability for radioactive chitosan complex and its macroaggregate were determined and 

described in the following. 

<Example 5> Examination of in-vitro stability of 166 Ho-chltosan complex and macroaggregate 

25 166 Ho-chitosan complex and macroaggregate containing 2mCi of 166 Ho in each vial were maintained at room tem- 

perature and 37°C for 25days. 

The radiochemical activity was determined at every time interval with ITLC-SA[MeOH(49) : H 2 0(49) : acetic acid 
(2)] (Referred to Table 6. 7). 

The macroaggregate prepared as described in Example 4 were washed with 0.9% NaCI(5ml) at every time interval. 
30 The radioactivity remained in macroaggregates and in filtrate were determined (Referred to Table 8). 



Table 6. 



Examination of stability at room temperature 


lapsed time (day) 


Radiochemical activity of 166 Ho-chitosan 
complex 


Radiochemical activity of 166 Ho-chitosan 
macroaggregate 


0 


99 


100 


2 


99 


100 


4 


99 


100 


6 


99 


100 


13 


99 


100 


25 


99 


100 



Table 7. 



Examination of stability at 37° C 


lapsed time (day) 


Radiochemical activity of 166 Ho-chitosan 
complex 


Radiochemical activity of 166 Ho-chitosan 
macroaggregate 


0 


99 


100 


2 


99 


100 


4 


99 


100 


6 


99 


100 
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Table 7. (continued) 





Examination of stability at 37°C 


lapsed time (day) 


Radiochemical activity of 166 Ho-chitosan 


Radiochemical activity of 166 Ho-chitosan 




complex 


macroaggregate 


13 


99 


100 




99 


100 



As known in Table 6 and 7, nearly 1 00% of the radioactivity at Rf = 0.2-0.4 of 1 66 Ho-chitosan complex was remained 
and the radioactivity at Rf = 0.9-1 .0 of free 166 Ho was negligible for 25 days. 

The results indicated that in vitro stability of chitosan macroaggregate was excellent at room temperature or 37°C. 

Table 8. 



Examination of stability by washing | 


Vol. of washing soln. (ml) 


Radiochemical activity of 1$6 Ho macroaggregate (%) | 


5 


100 


10 


100 


15 


100 


20 


100 


25 


100 


30 


100 I 



As known in Table 8, when 166 Ho-chitosan macroaggregates were washed with saline solution, macroagg re gates 
were not dissolved or not changed into colloidal state. And nearly 100% of the radiochemical activity was remained in 
30 the precipitate. 

Regarded as the above, the free amine of chitosan combines with 166 Ho so tightly to form a very stable chelate. 
<Example 6> Examination of in vivo stability of 166 Ho-Chitosan complex and macroaggregate. 



The pH of 166 Ho-chitosan complex solution prepared in accordance with Example 1 was adjusted to 5.5 and then 
filtered through 0.2ujti membrane filter and sterilized. 0.5ml(400u£i) of 166 Ho-chitosan complex solution was admin- 
istered into the knee joint of normal rabbit by intra-articular injection. 

After an appropriate time interval, radioactivity remained within the knee joint was compared with the total radio- 
activity immediately after injection by using y-camera. 

The macroaggregate prepared in accordance with Example 4 was suspended with saline solution, and sterilized 
in autoclave at 121°C for 30 minutes. 

0.1ml aliquot of this suspension was administered into the knee joint. 



Table 9. 



% of radioactive chitosan complex and its macroaggregate remained in the knee joint of the normal rabbit | 


lapsed time (hr) 


166 Ho-chitosan complex (%) 


166 Ho-chitosan Macroaggregate | 


0 


100 


100 


2 


99.9 


99.9 


6 


99.8 


99.8 


24 


99.7 


99.8 


48 


99.6 


99.7 



55 

As known in Table 9, the radioactivity was almost remained in the joint cavity after injection (excluding physical 
decrease of 166 Ho) at 2 hours (99.9%), 6 hours (99.9%), 24 hours (99.8%) and 48 hours (99.7%), respectively. 
It was confirmed that the radioactive chitosan complex and macroaggregate do not leak out of the lesion. 
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Regarded as the above, 166 Ho-Chitosan complex and macroaggregate are very stable in vivo and in vitro. Chitosan 
forming chelate with holmium is a biodegradable and biocompatible material which remains absorbed in articulate for 
an appropriate term and degrades and excretes slowly after decaying. 

That is, chitosan of which the free amines forms chelate with radionuclide is an ideal internal radiation therapeutic 
5 agent which treats the lesion in the body and then excretes out of the body. 

The effect of radioactive chitosan complex as an internal radiation therapeutic agent is described in the following. 

<Experiment 7> Clinical experiment of radioactive chitosan complex 

10 1) Radiation Synovectomy 

An internal radiation therapy was conducted to 36 patients selected according to standard of ACR(American Col- 
lege of Rheumatology). 

Radioactive chitosan complex was injected into the knee joint. 
15 The amount of injected radioactive chitosan complex was dependent on individuals, but average was 1 5-20 mCi. 

The average observation time was 50.4 weeks. 

The results were excellent in 44% of patients, good in 32%, not good in 24%, and hence 76% of patients were cured. 
2) The Treatment of Liver Cancer 

20 

45 patients with liver cancer in the size of 1-3cm were treated with 10-20mCi of radioactive chitosan complex 
according to the size of cancer 90-95% of patients showed good results. It was directly injected to the cancer tissue 
under ultrasonic induction- 
Regarded as the above, radioactive chitosan complex and macroaggregate have a good effect for treatment of 
25 various cancers and rheumatoid arthritis. 

In case of 166 Ho, radioactive chitosan complex and macroaggregate can be administered in the amount of 
5-1 50mCi at one time, according to kinds of disease and the size of lesions. Chitosan complex solution may be directly 
administered by injector to the lesion. Chitosan complex macroaggregate may be administered after dissolving in H2O, 
saline solution or ethanol. 

30 The radioactive chitosan complex and its macroaggregate can be used as an internal radiation therapy for rheu- 

matoid arthritis, liver cancer, brain cancer, breast cancer, ovary cancer and the like by administering directly to the lesion. 



Claims 

35 

1. The radioactive chitosan complex characterized in that chitosan was labelled with radionuclide. 

2. The radioactive chitosan complex according to Claim 1 , in which radionuclide irradiates therapeutic rays of p-rays 
in high energy and y^rays in low energy 

40 

3. The radioactive chitosan complex according to Claim 2, in which radionuclide can be chosen from the group 
comprising 153 Sm, 165 Dy, 166 Ho, and 169 Er. 

4. The radioactive chitosan complex according to Claim 1, in which the molecular weight of chitosan is 
45 100,000-1,000,000. 

5. The radioactive chitosan complex according to Claim 1, in which radioactive chitosan complex is soluble in acid 
state, and gel in physiological pH. 

50 6. Process for preparation of radioactive chitosan complex characterized in that 1 ) stable nuclide is converted to the 
radionuclide by irradiating with neutron in the nuclear reactor, 2) the resultant radionuclide is dissolved in distilled 
water to form radionuclide solution, 3) chitosan is dissolved in the distilled water to form chitosan solution. 4) 
radionuclide solution is added to chitosan solution to form radioactive chitosan complex. 

55 7. Process for preparation of radioactive chitosan complex according to Claim 6, in which stable nuclide can be 
chosen from the group comprising 164 Dy(N03) 3 , 164 Dy 2 0 3 , 1$5 Ho(No 3 ) 3 and 165 Hc>20 3 . 

8. Process for preparation of radioactive chitosan complex according to Claim 6, in which pH of chitosan solution is 
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2-4. 

9. Process for preparation of radioactive chitosan complex according to Claim 8, in which chitosan solution is acetic 
acid solution. 

10. Process for preparation of radioactive chitosan complex according to Claim 6, in which the ratio of radionuclide 
and chitosan in molecular weight is 1:1-4. 

11. Process for preparation of radioactive chitosan complex according to Claim 6, in which viscosity of chitosan solution 
is 100-200cps. 

12. Radioactive macroaggregate characterized in making radioactive chitosan complex in Claim 1 into particles. 

1 3. Radioactive macroaggregate according to Claim 1 2, in which the size of particles is 1 -50u.m. 

14. Process for preparation of radioactive macroaggregate characterized in that 1 ) stable nuclide is converted to the 
radionuclide by irradiating with neutron in the nuclear reactor, 2) the resultant radionuclide is dissolved in the 
distilled water to form radionuclide solution, 3) chitosan was dissolved in the distilled water to form chitosan solution, 
4) radionuclide solution is added to chitosan solution to form radioactive chitosan complex solution 5)alkaline 
solution is added to radioactive chitosan complex solution to form radioactive chitosan macroaggregate. 

15. A kit for preparing radioactive chitosan complex characterized in comprising the radionuclide solution and the 
lyophilized chitosan. 

16. A kit for preparing radioactive chitosan complex according to Claim 1 5, in which the lyophilized chitosan is prepared 
by freeze-drying the chitosan solution containing ascorbic acid. 

17. The use as an internal radiation therapeutic agent of radioactive chitosan complex and its macroaggregate. 

18. The use as an internal radiation therapeutic agent according to Claim 17, in which disease is rheumatoid arthritis 
or the cystic cancer, such as liver cancer, brain cancer, breast cancer or ovary cancer. 
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